The most common fractures of the spine are associated with the thoracolumbar junction. The goals of treatment of thoracolumbar fracture are leading to early mobilization and rehabilitation by restoring mechanical stability of fracture and inducing neurologic recovery, thereby enabling patients to return to the workplace. However, it is still debatable about the treatment methods. Neurologic injury should be identified by thorough physical examination for motor and sensory nerve system in order to determine the appropriate treatment. The mechanical stability of fracture also should be evaluated by plain radiographs and computed tomography. In some cases, magnetic resonance imaging is required to evaluate soft tissue injury involving neurologic structure or posterior ligament complex. Based on these physical examinations and imaging studies, fracture stability is evaluated and it is determined whether to use the conservative or operative treatment. The development of instruments have led to more interests on the operative treatment which saves mobile segments without fusion and on instrumentation through minimal invasive approach in recent years. It is still controversial for the use of these treatments because there have not been verified evidences yet. However, the morbidity of patients can be decreased and good clinical and radiologic outcomes can be achieved if the recent operative treatments are used carefully considering the fracture pattern and the injury severity.
Introduction
Ninety percent of all spine fractures are related to the thoracolumbar region [1] . Especially, the majority of thoracolumbar injuries occur at the T11 to L2 level, which is the biomechanically weak for stress [2] .
The causes of thoracolumbar fracture are different depending on patient's age. In younger patients, fracture is more likely to occur due to a high-energy trauma, such as motor vehicle accident, motorcycle accident, and falling injury. However, in elderly, even falls from standing position to ground can cause fractures due to osteoporosis and decreased cognition [3, 4] . Twenty to forty percent of fractures are associated with neurologic injuries [5] . If the patients involve in a severe trauma, the complications, such as paralysis and deformity, may occur after that accident. Even if the patients do not experience any complications, there could be limits of daily activities or difficulty to return to work due to chronic pain [6] . Therefore, the appropriate treatment for the thoracolumbar fracture is important.
The primary goal of treatment of the thoracolumbar fracture is keeping patients alive, protecting from the further neural damage, obtaining the stability by reconstructing anatomical alignment of spinal columns and returning patients to workplace through early mobilization and rehabilitation. These fundamental principles have not been changed for decades. However, it has been ongoing Asian Spine J 2015;9(1):133-146 controversy in determining treatment methods until now.
Discussion

Stability of thoracolumbar fracture
Fracture stability is an important factor in determining the treatment of thoracolumbar fracture. Fracture stability is comprised of mechanical stability and neurological stability. Denis [7] classified instability in the thoracolumbar spine into three subgroups: mechanical instability (first degree), neurological instability (second degree), and the combined mechanical and neurologic instability (third degree).
The mechanical stability of thoracolumbar spine is evaluated by whether posterior ligament complex (PLC), which is composed of supraspinous ligament, interspinous ligament, ligametum flavum, and facet capsule, is damaged or not [8] [9] [10] . On plain radiographs, decrease of 50 percent in vertebral body height, increase of interspinous distance, and greater than 30 to 35 degrees of kyphotic deformity are suggestive of PLC injury [11] [12] [13] . Computed tomography (CT) is the most appropriate examination for assessing diastasis of facet joint, related to PLC injury [14, 15] . Magnetic resonance imaging (MRI) is regarded as a significant examination in determining the treatment plan because it can evaluate PLC injury directly [16] [17] [18] . PLC injury shows high signal intensity on fat suppression T2-weighted MR images. Many studies reported that MRI has a high sensitivity and specificity for detecting PLC injury, as a result of comparing MRI findings and intraoperative findings [16] [17] [18] [19] [20] .
Neurological symptom caused by involvement of single nerve root is classified as Frankel Grade E [21] . Except for that, the thoracolumbar fracture with complete or incomplete neurologic deficit caused by spinal canal involvement is classified as an unstable fracture regardless of the instability from fracture itself or posterior element injury. Although the fracture accompanied with neurologic injuries is not an absolute indication for operative treatment [22] [23] [24] [25] , the operative treatment is mostly performed for patients with incomplete neurologic deficit because it prevents further progression of neurologic injury, helps neurological recovery and makes early mobilization possible by achieving the stability of fracture. However, if patients have Frankel A paralysis caused by the fracture with complete neurologic injury, the neurologic exam should be performed again after spinal shock is over. Then, if the paralysis persists even in the second neurologic exam, it means that there is little chance of neurologic recovery resulting from surgical decompression [26] . Therefore, the goal of operative treatment is limited to not the recovery of neurologic injury but the restoration of spinal alignments and fracture stabilization [21, 27] . On the other hand, there is a report that anterior decompression is required in order to prevent syringomyelia and maintain the proper dynamics of cerebrospinal fluid flow [28] .
Classification of thoracolumbar fractures
Since the classification of thoracolumbar fractures was introduced by Boehler 75 years ago, various classification systems have been suggested until now. These classification systems have been developed to help in better communication among doctors, determining treatment plan and evaluating the prognosis.
Denis [7] proposed three column theory based on two column theory of Holdsworth [8] . He emphasized the biomechanical importance of middle column and insisted that fractures with middle column injury are unstable. Moreover, according to the fracture morphology and injury mechanisms, he classified thoracolumbar fractures into 4 categories: compression fracture, burst fracture, flexion-distraction injury (seat-belt injury), and fracturedislocation. His classification system is significant because it is simple and introduces the concept of neurological injury. However, it has also some limitations: it is difficult to distinguish stable burst fractures and unstable burst fractures [29] , and its inter-observer reliability is low [30] .
McAfee et al. [12] emphasized that PLC is an important structure for fracture stability, based on CT findings. Also, they subdivided the middle column injury and proposed that the middle column fails by three different forces such as axial compression, axial distraction, and translation. According to this injury mechanism, they divided thoracolumbar fractures into 6 categories: wedge compression fracture, stable burst fracture, unstable burst fracture, Chance fracture, flexion-distraction injury and translational injury. However, this classification system has not been widely used because its reliability and validity are not verified yet [29] .
AO classification [31] classified thoracolumbar fractures into 3 groups, such as compression group, dis-traction group, and rotation group, considering injury mechanism, fracture morphology, and mechanical stability. Each group was further subdivided into subgroups of from A1 to C3. In other words, as the level of subgroup is higher and moves A to C, it represents more severe degree of injury and more unstable fractures. Although this AO classification tried to suggest the comprehensive classification including all different types of fractures, it showed only moderate intraobserver and interobserver reliability due to its complexity [29, 30, 32] . This classification system could not propose the concrete definition of fracture stability and also did not include neurologic damage.
In order to overcome disadvantages of previous classification systems based on injury mechanism and fracture pattern, Vaccaro et al. [9] suggested new classification, called thoracolumbar injury severity score (TLISS). They evaluated thoracolumbar fractures using this classification based on plain radiographs, CT and/or MRI, in terms of mechanism of injury, integrity of the PLC and patient's neurologic status. In addition, these three categories for injury were subdivided and scored. The total score was determined by summing up the scores from each three categories and used to guide treatment. If the total score is 3 points, the conservative treatment is recommended. However, if it is 4 points, the conservative or operative treatment may be chosen by surgeon's preference. If that score is greater than 5 points, the operative treatment is suggested. This TLISS showed fair to substantial (kappa, 0.24-0.724) intraobserver and interobserver reliability in several studies [33] [34] [35] . However, many surgeons tended to classify the same type of injury differently because this classification classified fractures based on the mechanism of injury. To improve this drawback, Vaccaro et al. [36] proposed the modified classification, called thoracolumbar injury classification and severity score (TLCIS). In this classification, its interobserver reliability was improved by characterizing the fractures based on the fracture morphology instead of the mechanism of injury [34, 37] . Oner et al. [38] insisted that this TLCIS is the most effective classification system for the treatment of thoracolumar fractures.
Compression fracture
Fifty percent of thoracolumbar fractures are compression fractures. Compression fractures are caused by axial compression alone or flexion forces and shows wedge deformities of vertebral body on radiologic examination. Middle and posterior column of spine are preserved and classified as a stable fracture. Patients with compression fractures mostly received the conservative treatment because they rarely show neurologic deficits.
As a conservative treatment, a thoracolumbosacral orthosis (TLSO) brace is applied for 8 to 12 weeks and medications are also prescribed for pain [39, 40] . According to recent prospective randomized study [41] , the outcome was better when bracing with physical therapy was performed. Severe pain is usually improved within 3 to 6 weeks. However, if the pain of fracture site is alleviated to a certain extent regardless of time period, as much as the patient can sit down without severe pain, walking is recommended wearing the brace. After that, the patient can gradually return to daily life, considering the level of pain. The prognosis of conservative treatment generally seems to be good but a small number of patients may experience persistent pain after the fracture is completely healed [42] [43] [44] [45] . These clinical outcomes are not always corresponded to radiologic ones. However, if the kyphotic angle is greater than 30 degrees or a decrease of height of vertebral body is greater than 50%, PLC injury is suspected and the operative treatment is recommended. Additionally, if the injury is occurred in three contiguous vertebral bodies, it is also regarded as an unstable compression fracture and the operative treatment is required [46] . Usually, spinal fusion is performed as an operative treatment and in this procedure, the posterior approach is preferred than the anterior approach because most of the compression fractures do not have an involvement of the spinal canal. Short segment or long segment fusion may be chosen depending on the situation. Nowadays, satisfactory results are reported by conducting short segment instrumentation without fusion [47] . The operative treatment is also required for coronal split fractures or pincer fractures, classified as AO 2.2 or 2.3, because nonunion or pseudoarthrosis can occur due to the intrusion of disc material into the fracture site [31, 48] . Occasionally, the anterior fusion using the anterior approach is required if there is severe bone void in the vertebral body after the fracture or the reduction is needed due to old fractures.
Burst fracture
A burst fracture is caused by axial compression and ac-companied with retropulsed bone fragments into spinal canal. Not only fracture of posterior cortex of vertebral body but also retropulsion of the fractured fragments into the spinal canal and an increase of inter-pedicular distance are presented on radiologic examinations [39] . Unlike compression fractures, neurologic injury and posterior column injury can occur more frequently. The posterior column is destroyed by compression, lateral flexion, or torsion. In addition, subluxation of the facet, displaced lamina fracture, and disruption of posterior ligament may be accompanied with it.
The indicators for treatment of burst fractures are also the mechanical and neurological stability of fractures which are mentioned earlier. The conservative treatment using orthosis is mostly recommended for stable burst fractures but the operative treatment is required for unstable burst fractures.
1) Nonoperative treatment
The conservative treatment for burst fractures is performed based on physical examinations and imaging studies. In radiologic studies, more than 50% decrease of vertebral body and less than 30 degrees of traumatic kyphosis are regarded as mechanically stable findings for the conservative treatment [49, 50] . MRI is used to evaluate PLC injury and has high sensitivity and specificity. In many studies, the operative treatment was conducted if there was PLC injury on MRI. However, according to the prospective study by Alanay et al. [51] , although there was not PLC injury, PLC could not prevent the loss of fracture reduction when the fracture was treated by cast immobilization after the reduction of burst fracture. Therefore, even though PLC injury is not observed, the conservative treatment should be performed when it is considered that there is no instability taking into account plain radiographs and CT findings.
When there is the neurologic injury, treatment should be performed considering the location of fracture and the retropulsed bone fragments into the spinal canal. While less than 40% of canal narrowing can cause neurologic injury at upper thoracic level, more than 90% of canal narrowing may not cause it at lower lumbar level [52] [53] [54] . As the retropulsed bone fragments into the spinal canal are larger, the chance of neurologic injury can be more common [55, 56] . However, the size of this retropulsed bone fragment is rarely related to the severity of neurological injury. Thus, if burst fractures are not accompanied with neurological injury, the spinal canal involvement of fractured fragments itself cannot be the indication for surgical decompression [39] . It is because the degree of spinal canal involvement on imaging studies, which is taken after injury, is not able to reflect the impact on nerves at the time of injury [57] and also remodeling of the spinal canal may occur as time passes after either conservative or operative treatment is completed. Dai [58] reported that there is no difference in the canal remodeling between the conservative and the operative treatment. As Mumford et al. [59] reported, the canal remodeling occurred with the conservative treatment even though nearly 66% of spinal canal was involved. The remodeling was completed within one year in most cases. Accordingly, the conservative treatment can be used for burst fractures without neurologic compromise regardless of degree of spinal canal involvement of fracture fragments if there is any progressive neurologic deficit. According to prior studies, when burst fractures without neurologic symptoms were treated by the conservative treatment, functional outcomes were not different from those of the operative treatment. They reported that the conservative treatment was even better in terms of cost and complications [60] [61] [62] [63] .
Therefore, the conservative treatment should be considered first in managing mechanically and neurologically stable burst fractures. Tezer et al. [42] described that the conservative treatment is appropriate for patients who do not have neurologic deficit and PLC injury and have less than 50% of the vertebral height loss and less than 25 degrees of traumatic kyphosis.
In the conservative treatment, hyperextension cast or TLSO is applied for 8 to 12 weeks, considering patient's pain. Wood et al. [64] reported that there was no difference in the results of treatment of burst fractures without neurological injury between cast and orthosis treatment. Also, Cantor et al. [50] and Tropiano et al. [65] reported that they could achieve satisfactory results by early ambulation wearing cast or TLSO. Long-term bed rest may cause embolization, pressure ulcer and pulmonary complication, and exacerbate patient's general condition. Thus, it is suggested to start the early ambulation as much as possible. If the patient starts the ambulation after wearing cast or orthosis, follow-up standing radiographs are required 1 to 2 weeks later. In most patients, kyphosis of fractures progresses over time and frequently returns to the degree of kyphosis at the time of injury. However, this is not associated with patients' clinical manifestation. The conservative treatment can be continued if there are no greater than 10 degrees of obvious increase of kyphotic angle or the pain during the conservative treatment [66] .
2) Operative treatment The operative treatment for burst fractures is generally performed when there is neurological or mechanical instability and its goal is decompression of spinal canal and nerve root for neurological recovery, restoration and maintenance of vertebral height and spinal alignment, rigid fixation for early ambulation and rehabilitation, and prevention of progressive neurological injury and kyphotic deformity. It is controversial depending on the degree of fracture and neurological injury but the surgery is generally conducted with posterior, anterior or anteriorposterior approaches.
(1) Anterior approach If nerve compression due to disc or fractured fragments was shown on imaging studies in burst fractures with incomplete neurologic injury, it can be an indication for anterior decompression. The nerve compression in burst fractures usually occurs in anterior aspect of the spinal canal due to retropulsion of fracture fragments. Thus, anterior decompression is superior to remove the fragments or soft tissues which compress the neural structures. After this anterior decompression is completed, the anterior reconstruction is performed using plate or rod with bone graft. Kaneda et al. [67] treated 150 patients with thoracolumbar burst fractures and neurological deficits by anterior decompression and fusion, and followed up them for 8 years. As a result of it, they reported 93% of fusion rate and 72% of complete recovery of bladder function. In addition, 95% of patients showed neurologic recovery more than Frankel Grade 1. The anterior approach not only decompresses the neural contents more efficiently and but also provides the superior mechanical stability. Hitchon et al. [68] reported that the anterior approach was more advantageous in the correction and the maintenance of each deformity than the posterior approach. Sasso et al. [69] also reported that the average of sagittal plane correction was 8.1° with the anterior approach but it was 1.8° with the posterior approach. In some biomechanical studies, anterior approach offered superior mechanical stability than the posterior approach [70, 71] . Therefore, the reconstruction of vertebral body with the anterior approach can be used to minimize the loss of motion segment and achieve the rigid fixation if the patient has neurological injury or the loss of anterior support due to severe comminution of the vertebral body. However, the anterior approach has some disadvantages: it may result in visceral injury and it is an unfamiliar approach to many surgeons. Also, there is the risk of bleeding and pulmonary complications. For these disadvantages, it is less commonly used than the posterior approach.
(2) Posterior approach Posterior approach is usually used for the treatment of burst fractures without neurologic deficit. However, even though there is neurological injury, posterior approach can be used for the purpose of the decompression of the spinal canal depending on the mechanism or the pattern of fracture. The decompression can be achieved by indirect reduction using ligamentotaxis or direct decompression (Fig. 1) . The reduction using ligamentotaxis is successful if it is completed within 3 days after the injury [40] . The increase of vertebral canal after the indirect reduction is averagely less than 20% but may sometimes increase up to 50% depending on situation [64, 72, 73] . However, if the canal encroachment of bone fragments is greater than 67%, it is not effective because annulus is destroyed in many cases [74] . If the surgery is delayed or the indirect decompression is difficult due to severe canal compromise, the direct reduction [75] with the transpedicular approach or direct decompression [76] with laminectomy can be performed.
The pedicle screw fixation is the most commonly used for the fixation of fractures with the posterior approach. This pedicle screw has an advantage of being able to fix three columns of spine. Due to the development of instruments, strength of the screws is improved and the use of short segment fixation, which fixes the above and below segment of fracture site, has been increasing. However, there were studies that the failure rate of this short segment fixation was 20% to 50% and the loss of reduction was 50% to 90% [77] [78] [79] [80] . McCormack et al. [81] suggested load sharing classification (LSC) in order to predict the prognosis of short segment fixation using posterior approach. This classification divided spine fractures into 3 categories according to the amount of damaged vertebral body, the spread of the fragments in the fracture site and the amount of corrected traumatic kyphosis; then, each category was scored from 1 to 3 according to the degree. When the total score is more than 6 points, they insisted that the long segment fixation, which fixes at least more than two segments of above and below the fracture site, or the anterior reconstruction with the anterior approach are required.
The posterior short segment fixation can be performed by open or percutaneous method and supported by transpedicular cancellous bone grafting, vertebroplasty [82] [83] [84] using calcium sulfate, polymethyl methacrylate or kyphoplasty [85] [86] [87] [88] using calciumphosphate for anterior structural support. The transpedicular cancellous bone grafting showed successful results in short-term followup but, in long-term follow-up, there was no difference from the short segment fixation without bone graft and it could not prevent the loss of reduction and the failure of instruments [89, 90] . However, Toyone et al. [91, 92] reported that there was no reduction loss and degenerative change in disc of adjacent segment in their 10-year follow-up using hydroxyapatite ceramic instead of cancellous bone grafting. Verlaan et al. [88] described that posterior short segment fixation with kyphoplasty is a feasible and safe treatment based on their 6-year follow-up results of 20 patients who have burst fracture with AO type A3 or B2 type, LSC scoring equal or higher than 6 points and without neurologic deficit. Additionally, inserting additional pedicle screws at the level of the fracture site can help to provide better kyphosis correction with saving motion segments and offers improved biomechanical stability [82, 93, 94] .
The fixation of burst fractures by posterior approach is generally conducted with posterolateral fusion or posterior fusion. However, Dai et al. [95] and Ni et al. [96] reported good results by using open or percutaneous pedicle screw fixation only without fusion in patients who have the thoracolumbar burst fractures with LSC scoring equal to or less than 6 points.
(3) Combined anterior-posterior approach Combined anterior-posterior approach can be indicated when PLC injury is accompanied with incomplete neurological injury due to canal encroachment of fracture fragments or neurological symptoms persist after the surgery using posterior approach or fixed kyphotic deformities occur more than two weeks after the injury [97] . The fixation with anterior-posterior approach can provide more improved stability for all range of motion in spine, comparing to the fixation with anterior or posterior approach alone [98] . However, this approach has more bleeding risk and longer operation time, in addition, it has not been proven yet that the clinical and A B
C D E radiological outcomes of this approach is more superior than the fixation with anterior or posterior approach alone [99] . Nowadays, the interbody fusion using posterior approach has been developed and used to stabilize the vertebral body, instead of Anterior-Posterior approach [100, 101] .
Flexion-distraction injury
Flexion-distraction injury, or so-called Chance injury, occurs by primary distractive forces on the spine. The axis of rotation is located within or in front of anterior vertebral body. Thus, the distractive forces are loaded on a posterior column and a middle column, and distractive or compressive forces are loaded on an anterior column. This injury generally occurs in high energy motor vehicle accident when wearing only lap belt without shoulder belt. Abdominal injuries are also accompanied with 30% of those patients. It accounts for 1% to 16 % of all thoracolumbar fractures and occur most commonly in the thoracolumbar junction. The neurological injury is found in 25% of patients [102, 103] . If only bone injury occurs without ligament injury, it is unstable during the acute phase but it will be stabilized with bone union as time elapsed. Thus, the brace treatment is possible if only bony structure is damaged without displacement. However, if PLC was disrupted, the conservative treatment is not recommended because progression of kyphosis, nonunion, or exacerbation of neurologic condition may be induced [104] (Fig. 2) . PLC injury may be missed because the displacement of posterior structure caused by distraction force at the time of injury can be reduced spontaneously. In this case, PLC injury should be suspected by confirming swelling or tenderness on spinous process and evaluate more precisely using MRI. Fusion with posterior instrumentation is preferred in most cases as the operative treatment. This operative method providing compressive and tension band effect resists effectively to the distractive forces. The vertebral body is not seriously damaged in flexion-distraction injury; thus, it is mostly treated by the short segment fixation.
However, recently, only posterior instrumentation without fusion is often used for the treatment. Because there is no fusion process, it can be conducted by percutaneous screw fixation. Kim et al. [105] performed open short segment pedicle screw fixation to 11 patients who have flexion-distraction injury without neurological injury and reported satisfactory sagittal alignments in more than 18 months follow-up. Grossbach et al. [106] compared and analyzed the clinical and radiological outcomes between open posterior instrumentation with posterolateral fusion group and percutaneous pedicle screw fixation group. As a result of it, they reported that percutaneous method was effective as like open method. A B C D
Fracture-dislocation injury
Fracture-dislocation injury in thoracolumbar region is caused by various combinations of shear, torsion, distraction, flexion and extension forces and is very unstable injury because three columns, including anterior, middle and posterior column, are damaged. This is a high energy injury and 75% of it is accompanied with neurological injury [107] . The conservative treatment is not recommended for it because there are not only fractures but also various degrees of ligament and disc injury. It would be diagnosed if there is unilateral or bilateral facet fracture, subluxation or dislocation. If there is only subtle facet subluxation without neurological injury, it requires more attention for diagnosis. Lateral translation and anteroposterior translation of spine may be observed by anteroposterior radiographs and lateral radiographs, respectively. CT is useful for the evaluation for bone injury and facet. MRI is used for determining the degree of disc, ligament and spinal canal injury. Mostly, the reduction and the instrumented fusion using posterior approach are prefered for this injury. Although the anterior approach is rarely used, if anterior column support is not enough or canal decompression is required after posterior sugery, the interbody fusion [108] using posterior approach or the anterior reconstruction can be performed [66] (Fig. 3) . 
Conclusions
Thoracolumbar fractures have been classified into compression fracture, burst fracture, flexion-distraction injury and fracture-dislocation injury, depending on injury mechanism and fracture morphology. Each injury is also subdivided into stable fracture and unstable fracture, according to the presence of neurologic injury, soft tissue injury and bone injury. The conservative treatment is recommended for stable fractures but the operative treatment is needed for unstable fractures. In radiologic studies, more than 50% of vertebral body height loss, more than 30 degrees of traumatic kyphosis, more than 50% of canal enchroachment, facet fracture, subluxation or dislocation are regarded as unstable findings; in addition, PLC injury is also regarded as an unstable finding on MRI. Abnormal findings in neurologic examinations at the time of injury also imply the spinal instability. By the evaluation of the stability of spinal column based on detailed physical examinations and imaging studies, if it is unstable, the operative treatment using anterior, posterior or combined anterior-posterior approach is performed. For the operative treatment, the instrumented fusion has been conventionally performed following the fracture reduction; however, according to fracture patterns and degrees, posterior instrumentation without fusion following indirect reduction have been increasing in recent years. The instrumentation can be achieved through percutaneous fixation. The requirement for the operative treatment using anterior approach has been decreased along with the development of pedicle screws and posterior operation techniques for canal decompression and anterior reconstruction such as transpedicular bone graft, cement augmentation or interbody fusion. The principals which obtain mechanical and neurological stability of spine have not been changed, however, the surgical methods have been diversified. Accordingly, the surgeons should make sure of the indications, advantages and disadvantages of each operative treatment in determining the treatment plan.
